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PREFACE

This document is submitted by the Vcught Systems Division, LTV

Aer(_space Corporation, P.O. Box 5907, D_llas, Texas 75222, to the National

Aeronautics and Space Admi_qistration, Johnson Spacecraft Center (JSC),

Houston, Texas, in accordance with Contract Tlo. NAS9-12507, dated 28 March

1972. It i?, the Final Technical Summary Report, and f_;Ifills the requirements

of DRL No. T-720, Line Item I, DRD MA-182-T. It contains final documentation

on Work Breakdown Structure Subtasks 1.3 Life Support System and 1.5 Vehicle

Support Provisions. In addition, it summarizes Subt_sks I.I EVA/IVA Tasks,

Guidelines, and Constraints Definition; 1.2 Pressure Suit Requirements; 1.4

Mobiiity Aids; and i.6 Emergency iV Support Requir,_ments. It also summarizes

a _pecial task on I0 psia Orbiter Impacts. These following Subtasks are, in

addition, the subject of separate dmtailed volumes:

Volur_le II - EVA/IVA TASKS, GUIDELINES, AND CONSTRAINTS DEFINITION

Volume III- REQUIREMENTS STUDY FOR SPACE SHUTTLE PRESSURE SUITS

Volume IV - REQUIRE._IENTS STUDY FOR SPACE SHUTTLE MOBILITY AIDS

Volume V - REQUIREr,'ENTS STUDY FOR SPACE SHUTTLE EMERGENCY IV SUPPORT

The special task on _he I0 psia Orbiter Cabin Impacts, plus a delta-task on

Emergency IV Requirements, were cor_duct_d for NASA subsequent to the completion

of basic contract work. Ti_is was accomplished by agreement between the Technical

Monitor, Mr. D. L. Boyston of NASA-JSC, and the VSD Project Engineer, Dr.

R. L. Cox. In this connec.;ion, the detail of final documentation was relieved,

and Vol_mes I, II, and V are largely updates of briefing material previously

pr,_se_'_ted to NASA.

Work on this contract was conducted ow;r the time period 28 March 1972

through 30 April 1973.
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I. SUMMARY

This volume summarizesresults obtained for equipment requirements

for the space shuttle EVA/IVApressure suit, life support system, mobility

aids, vehicle support provisions, and emergency IV support. An initial study

of tasks, guidelines, and constraints and a special task on the impact of a

I0 psia orbiter cabin atmosphere are included. Supporting studies not related

exclusively to any one group of equipment requirements are also summarized.

Other volumes of this report contain detailed data on tasks, guidelines, and

constraints, requirements for pressure suits, for mobility aids and for

emergency IV support.

During conduct of the programmajor support was supplied by

ILC, Inc. (Dover, Delaware), under subcontract to the Vought Systems Division

(VSD), for definition of pressure suit requirements. Consultation support was

provided in the areas of tasks, guidelines, and constraints, vehicle support

provisions, and emergencyIV support requirements through purchase orders

with General Dynamics- Convair AerospaceDivision (San Diego, California)

and Rockwell International Corporation - Space Division (Seal Beach, California).

Representative EVA/IVAtask scenarios were defined based on an

evaluation of missions and payloads. Analysis of the scenarios resulted in

a total of 788 EVA/IVA's in the 1979-1990 time frame, for an average of 1.3

per shuttle flight. Duration was estimated to be under 4 hours on 98%of

the EVA/IVA's, and distance from the airlock was determined to be 70 feet or

less 96%of the time. Payload water vapor sensitivity was estimated to be

significant on 9%-17%of the flights. Further analysis of the scenarios was

carried out to determine specific equipment characteristics, such as suit cycle

and mobility requirements.
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A suit operating pressure of 8 psia was selected. A modular EVA

suit made in a standard sizing schedule (up to 9 sizes per module) was found

to offer a significant economic advantage and is recommended. Mobility require-

ments were defined and are considerably in excess of current Apollo/Skylab

suit capabilities. A suit useful life of 8 years and a cycle life of 2OD,OOn

cycles is recommended. A contaminant barrier overgarment has been defined for

use when working near sensitive payloads. Requirements for a separate emergency

IV suit were determined, with greatly reduced mobility and again employing

modular sizing.

A 4-hour completely portable primary extravehicular life support

system (EVLSS) was selected. The basic system recommended has an expendable

heat rejection system (water evaporation) and vent gas contaminant control

system (LiOH). Crewman temperature control is by a water transport loop and

liquid cooling garment. Oxygen storage is at 2100 psia. An optional leg-

mounted modular replaceable ice pack (l-hr duration per module) is recommended

for use with water vapor sensitive payloads, and an EVLSS contaminant barrier

cover has been defined to contain offgassing products. A duplex voice com-

munications system with subcarrier telemetry on voice channels is recommended.

A separate 24-minute emergency oxygen pack (EOP) was selected. This system

provides cooling, breathing gas, and C02 control by blowdown from 7500 psia

oxygen storage. The EOP is also used as a contingency transfer life support

system and as a portable oxygen supply for emergency face mask usage.

A mobility aid system was defined which includes translational

devices, worksite restraints, and worksite provisions. Tethers with a maximum

free length of 25 ft. are recommended for all EVA operations. The baseline

system selected includes permanent handrails around the periphery of the cargo
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bay, docking module, and sortie module. Mission-specific handrails on Day-

loads and cargo bay equipment are also included, as required. A manipulator

work platform end effector is recommended as a major element of the baseline

syst_. The platform folds for easy stowage in the cargo bay, contains con-

trols for the EVA crewman, includes restraint provisions at the worksite, and

provides lighting and tool and equipment transport facilities. Emergency

handholds on the vehicle exterior are also recommended; candidates are electro-

adhesive devices and burn-off handholds.

Recommended vehicle support provisions are baselined for a capability

of two EVA's (one unscheduled, one emergency) for two men. Provisions for

planned EVA/IVA are added by carry-on of recharge expendables (LiOH and oxygen)

and optional modular ice packs and refreezers. The baseline system includes

2 recharge stations/EVA panels, a liquid loop for crewman cooling during air-

lock operations, a suit drying loop, a battery recharger, recharge oxygen for

the emergency/unscheduled EVA taken from the existing 3000 psia contingency

storage, and recharge water taken from the existing fuel cell source. For

carry-on oxygen, extra tankage is added to the contingency storage. A carry-on

thermoelectric refreezer, which plugs into the airlock water loop for a heat

sink, is baselined for ice module regeneration. An airlock depressurization

system consisting of a simple vent arrangement is tentatively baselined, with

the possibility of an added compressor system to exhaust airlock gas to the

cabin recommended for further study.

An emergency IV system is recommended to guard against accidental

decompression, fire/smoke/toxic gases, inability to re-enter, and a stranded

crewman. A flood flow system is recommended to provide a shirtsleeves 95-

minute return capability for the most likely decompression case with an
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effective hole diameter of less than I/2 inch. A reduced cabin pressure in

the 8-10 psia range is baselined for this condition. For larger hole diameters,

pressure suits and a cabin suit loop integrated into the vehicle environmental

control/life support system are recommended in order to provide the capability

for on-orbit rescue. Other elements of the emergency system include face masks

with portable (EOP) or plug-in oxygen supplies, communications and warnings;

an EVA capability to inspect/repair external damage; a contingency transfer

capability; contingency external mobility aids; a cabin pressure dump capability;

portable fire extinguishers; and a basic vehicle capability to stabilize on-orbit

in a depressurized mode for rescue. For development flights an escape capsule

(Apollo Command Module) is recommended.
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.

3.

o

5,

6.

7.

8.

a

I0.

II.

12.

13.

SHUTTLE EVA/IVA STUDY GUIDELINES

Impact to the baseline Shuttle or payload design or specifications
(Phase C-RFP) will be permitted if required to perform EVA/IVA tasks
if studies show this to be desirable.

Vehicle interface equipment and SCAR will be identified.

EVA/IVA equipment will be designed to operate in the expected
Shuttle enviroments (TBD).

The Orbiter on-board checkout and monitoring system can be used
if needed.

Different equipment can be used for planned EVA, IVA, and contingencies.

EVA and IVA should be possible with closed cargo bay door.

Vacuum quick-disconnects should be avoided for critical functions.

The penalties used for evaluating and comparing various EV/IV equipment
concepts will be :

Power - Using Orbiter system - 1.3 Ibm/kwh
Dedicated system - 105 Ibm/kw + 2.7 Ibm/kwh

Heating - Electrical power assumed for heating above IO0°F

Cooling - No penalty provided total heat load remains within
vehicle capability

Water - No penalty for expendable

Oxygen - The penalty factory for dedicated EVA/IVA vehicle
tanks will be:

Supercritical - 1.24 Ibm/Ibm 02

High pressure gas - 2.0 Ibm/Ibm 02

Suits should not be tailored to fit individual crewmen.

A second crewman should not be required for tether/unbilical management.

Ground monitoring should not be required duting EVA/IVA.

Additional shuttle crewman time required to monitor EVA/IVA crewmen
should be minimized.

Provision for crewmen restraint will be provided at all planned and
unscheduled EVA/IVA worksites.

IV-3



14.

15.

Velocity for simple manual crewmantranslation during EVA/IVA
will be:

Nominal - 0.5 ft/sec

Rapid translation - 2.5 ft/sec
Maximumattainable - 5-7 ft/sec

The considerations for selection of PGAoperating pressure are:

Economic (Development & Production)

Physiological (Prebreathing)

Suit mobility & leakage

Safety

LSSimpacts

Vehicle impacts

Manipulator maybe used as a mobility aid or movable restraint device.

General design specifications for the EVA/IVAlife support system
are :

Metabolic rates:

400 btu/hr minimumrate

800 btu/hr mission average for all EVA's

I000 btu/hr maximumaverage for greater than or equal to 4
hour EVA

1200 btu/hr maximumaverage for less than 4 hour EVA

2000 btu/hr maximumaverage for I/2 hour EVA

1200 btu/hr emergency (30 minutes)

Thermal storage:
Nominal _+I00 btu

Emergency+ 300 btu

Carbon Dioxide Partial Pressure :

5 mmHg Nominal inspired

7.6 mmHg Average inspired
15 mmHg 30-minute maximum

IV-4
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18.

21.

22.

The airlock should provide EVA capability during docked operations
without restricting shirtsleeve access to a pressurized docked module.

Multiple failures will not be considered.

EVA crewmen will be trained and conditioned for planned and
unscheduled tasks.

IVA operations in the cargo bay with doors closed are preferable
to EVA if an option exists.

EVA/IVA equipment will be selected to avoid contamination of sensitive
experiments and spacecraft components.
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II.

12.

13.

14.

15.

SHUTTLE EVA/IVA STUDY CONSTRAINTS

Tethers and Tether mounts will be designed with adequate factors

of safety to preclude any reasonable possibility of failure.

Maneuvering units and other equipment containing potentially

dangerous materials, hypergolics, etc. will be stored outside

the pressure crew compartment.

Pre-breathing, airlock, or other EVA/IVA operations shall not

cause the main cabin atmosphere composition and pressures to exceed

the design envelope.

All EVA/IVA equipment will have "fail-safe' capability as a
minimum requirement.

Maneuvering systems will have a fail operation/fail safe capability
for critical systems.

The minimum oxygen flowrate supplied to the crewman will be calculated

using a respiratory quotient of 0.875.

A radiation dosimeter is required for EVA/IVA crewmen. The total
radiation exposure, including EVA/IVA, shall not cause the crewmen
to exceed the Orbiter design limits.

EVA/IVA planned work sites and paths to planned work sites will be
free of sharp protuberances, moving objects, thruster exhausts,
harmful radiation, etc. during the course of the activity.

Continuous Shuttle communication capability with EVA/IVA crewman
is required.

Umbilicals and Tethers will exert minimum torques or forces on the
crewman regardless of position.

The maximum umbilical or Tether free length will be limited by

Tether management and dynamic considerations.

EVA/IVA equipment should be provided to accommodate two men
simultaneously.

The maximum allowable EVA/IVA duration will be 8 hours consistent

with physiological considerations.

8 hours out of 24 will be the maximum allowable suited duration; an

unlimited number of decompressions are allowed in this period.

Harmful exhaust products from maneuvering unit thrusters will not
impinge on experiment or spacecraft surfaces.

Orbiter maneuvering will not be allowed during unpressurized EVA/IVA.

Pre-breathing will be in accordance with the following figure:
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VI. LIFE SUPPORT SYSTEM
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